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carburetor air intake b~ a number of separate internal
,. duct-a. The eentrml -locatkzi af.tha.power plant ~s. VS1l

adapted to Installations .employin% a single ws~er ProPel-.
ler at the tail or twin propellers on the w%n~ driven
through exten~ion shafts.

At the outqet of the pre6ent Investlqation little ~n%
formation was available in re$ard to the characteristics of “
inlet openinqs near the nose of a streamline body. Previ-
OUS tests had usually been made without air flow Into the
openlnqs, a condition never occurring in practice, and the
results were therefore inconclusive. Little pressure-
distribution or cr~tical-speed data were available, and it
mas not known whether any appreciable lamlnar boundary layer
could exist behind the inlet openinq. The present tnves-
ti%ations were th~s made primarily to deal with an airplane
arrangement with a tail propeller where somo +@n through
low-drag laminar boundary layers ~ould not be precluded by
the disturbance due to a propeller at the noses

The principal purpose of this investiqatlon was to
determine the effect of carg~ully develo~ed nose-inlet
0P9niII%S on tbe external drag and on the critical compres-
sibility speed of a Streamline tiody Of revolution for a
wide ranqe of rates of air inlet. Pressure-distribution
and boundary-layer data woro obtained to aid in lntorpret-
in~ the draq results and to permit the estimation of the
critical speeds. Typtcr.1 ennular nnd tail-outlet openings.
were similarly lnvostiqate&. In order to avoid ?ossible
confusing intorforence ~ffcct~, tho inlet and the outlot
opqnlnqs woro tested separately, with the internal air flow
beinq supplied throuqh wing ducts from a Mower located
outside of the wind tunnel. Representative combinations of
the inlet and outlet openings were then tested without the
use of the blower= The effects on external drag of a pro-
trudin% gun in the inlet opening and of various internal-
duct arrangements near the nose were also included in the
investigation of the Individual inlet openings,

The external drag cost of an inlet openinq at the nose..
of a smooth streamline body is ~en~rally greater at low
Reynolds numbers, when the openin% ma~ disturb oxtenoive
Iow-draq lamlnar bo~dary lagers, than at high-speed flight..
R6ynolds numbers, whero tho boundary-layer flow may bo al-
most wholly turbulent. Although It was impossible to at-
taia full-scale conditions in this invostiqation, the
boundary-layer flow cond~t~on corr~spondin~ to high Reynolds
nWbOrs was simulated by artificially forcln~ tranSitiOzI to

— .— -—— —— —. - - - -- .- .—— —.— .
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take placo near thr nose of the models. !Che tests were
made both with the natural-transition and the fixed-
transltion boundary-layer conditions. The results thus
show the effect of the openinqs at conditions correspond-
ing to extremes of the Reynolds number ranqe~

APPARATUS AND METHOI)S

.
The tests were made in

wind tunnel. The tunnel is
section, sin%le-return t~pe
of over 500 miles ner hcur.

the NACA 8-foot high-speed
of the closed-throat, circular-

and is capa%le of air speeds
This tunnel was chosen for

the Iqvestiqation ~rlnclpally %ecause ot the low turbu-
lence of the air stream, which permits the %oundarv-layar
flow con&ltions rzore cearly to ayproach those obtained in
free air thaa” in streams of. hiq% turbulence. Most of the
tests “were run at 10V spee& (140 miles per hour}.

Streamline bo&.- The stxeanllne ‘body (fig. 1, table—— ----
1) Is a sliqhtly mod.ifiad version of fuselaqe form No. 111
of reference 5. The thlo~~ess distribution was modified
sliqhtl,y to eliminate the ~favorable preosure qradient
occurrlnq ahead of tha 50-psrcent station of the oriqinal
111 form. This m.odiflcatlon was mado to encourage a more
ezte~sive lamizar boundary layer. The Y:neaess ratio of
5 is representative of se~erai current pursuit-type fuselaqe

The streamline body ras.nounted in the wind tucnel on
a 24-inch-chord airfoil of ??AOA 27-212 oection, which com-
pletely spanned the jet (fig. 2). The wing contained two
larqe ducts to permit alr to be supplied to or drawn from
the openings on tho body. The ratio of win% chord at t~e
body to the length of tho body is wlthln the range of cur-
rent practice.

Qlet Qpenin~. - Nose-inlet openings of three sizes
were tested (flqs. 1 and Z: ordinates in table I). The
largest opqaiAg, nose A, was approximately tho size, rel-
ative to the maximum cross section of the body, of average
NAOA cowlinq Inlet openinqs. Nose B had one-half the area
of nose A, and nose C, one-quarter the area of nose A- The
profile $hapes of the noses were developed in a series of
tests (not discussed in detail in this report) in which
the nose lenqths and profiles were pro~ressively modified
until the most sat~sfactory pressure-distribution charac-
teristics mere. obtained. The profilos all fall within the. .

. .
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profile of the. streamline body.. . It will be noticed that--- .
th-e’”nose cjYdinatbs”:(t6hle-”1”)are ?Iven onl~ to the quartier-
length statlonq Be70nd this point, streamline-body ordi-
nates a ply.

7
several modlficzations of the s$rai~ht du~t.

(fig. 1 that was used in most of the nose-inlet tests

wI1l be described later in the discussion of the r9sultSo

o
Q

QA!Z&L!UQ@&LS3.- Outlet openinqs at the tail and an-
nular outlets looated ahead of and behind the wing were

2 Investigated (fiqs. 1, 4, and 5). The tail-outlet profiles
coincide mita the streamline” ‘~od.ylines. Various tail-
outlet areas were gbtained by successively decreasin~ the
length of the bqdy. The iater=al duct was of convsrqlnq
section to represent typical practice tn the desi%n of
outlet openings.

The ancular outlet openings wore desi%ned primarily
A.O exhaust the air as nsarly as possible in the stream
direction. The areas wore selected from consideration of
the quantity of air required >Ir a.radial en%iae large
enouqh to occupy ~“ae maximum section of a fzselaqe.

It shouid be ncted that the outlet openinqs are not
in e.ny sense optiau~ s~apes ~rrf~ed at on the ~asig of ex-
periment as in the case of the inlet operinqs. They are
merely typical of curreat de315n prectice.

ZUsuYwauu2fi=u2.- Air flow in the tegtg of the i~&ipid-
ual cpeninqs was suppli~& ‘~~ a 52-horsepoT~er centrifugal
blower mounted outside the wiGfl tunnel OZ the floor of the
test chamber (fiqs. 6 and ?). Freedom of the floatinq
balence st~cture was maintained ‘o? a mercury seal that
con~ected the lI107es duct to the wing duct Ieadinq to the
model- The air fiorr throuqh the mercury teal was at riqht
angles to the lon~itudlnal (ara~) axis of the wind tunnel
so that the flow had no momentum An the drag direetion. “

“ ?rellm~nary tests were made throughout tho range o? blower
sipeeds at zero air speed in the twnel, rith and without

air inlet, to determine whether the pressures and flow at
,the mercury seal had aay effect on the ilrag scale readin%s.

The flow was mgtered by a venturi installid on the
. . balance ring %etween the mercury seal and the model. sev-

8Y%!.1calibrations were made with the venturi in its oper-
ating position by sur~eyinq the floq In the duct with a
rake of 25 total-head and saven static tu%es.

The flow in the systcm was controlled bithor by requ-
.
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liatin~ &he blorer speed or by ad~ustinq a butterfly yalve.
The zerb flow condition was obtained %Y Olosin% A Spqaial
airtight valvo located near the end of-the wlnq duct, Ut-
most caro was takem to prevent leakage An the s~stem~

Inlet-outlet combinat~ns~- The combinations tested..———.-—— —-
and the internal-duct arranq~ent are shown in figure 1.
The wins-duct openings withia the body were faired over
and seazed” to prevent “leaka~e~ Fiow regulation was accom-
plished by means of perforated plates of various conduct-
e.nce installed as shown in fiqurc 2. Static-pressure ori-
Yices were Installed at two stations in the converqin%
section of the duct ahead of thp outlet openings. The flow
quantity was determined from tho maqnitude of the prensuro
drop between these stations acgordin~ to a calibration ob-
tained during the tests of the individual outlet openings
with the blower-venturi set-up. The total pressure and
the static pressure at the outlet were determined from
this same calibration. In several cases, as a check on
the cal~bration, the quantities wero mcaeured directly by
means of a small pitot-static tube noufited in the outlet
openinq.

NO particular attempt was made to design an efficient
internal-duct system because interest was centered on the
external drag and beta.uso the blower WGS more than adequate
to overcomo Iarqo internal 10ss0s. H9wovor, in tho combi-
nation tests with the &uct open, that is, nith no resist-
ance plates inserted to” restrict tho flow, the internal
10ss0s mere practically ne~iiqible owinq to the low duct
velocities. .

Method of fixinq boundary-layer transition.- Transi-..—-
tion Zn the tests designated ‘Iwith fixed transition” was
fixed artificiall~. by neans of a l/4-inch w!de ring of No-
180 carbo~dum ~rain~ ql~e~ to the surface at the desired
station. It wcss found hscgsgar~ to f~x transition on the
tvin% at the lo-percent ~t~ti~z hy thp same ~ethod in order
to make the draq of the wing congtant sc that the effec-
tive draq of the %od~ could be obtafnod accurately.

Xxcent for the strips” of Carborundum, “the surfacqs of
the =odol-~.7ere ando aerodynamically smooth, that is, fur-
ther conditiocinq would result in no decrease in dra?~

Static-preqsur”e ~easurement.- Flush orifices, closely
spaced near the nose e.cd in the. vicinity of tho openings,
were installed alon~ the top of the body. Additional stat-
ic pressures on the bottom and On th~~ side of the stroan-



7

line body were obtaiced by means of a small movable static
tube. Yhe pressui-e tubinq was led throu$h a chancel i~

. . the ~lnq to a cultiple-iubb”-alcohol manometer In the test
chamber.

Zomdary-l=er measurements.- qhe measurement of the-—— .-.—
boundary-layer profiles use~~~determininq the transi-
tion point and in shom~nq the effect on skin friction of
air inlet was mede with small survey un~ts comprised of a “
Sinqle static and four total-~~ad tu~esm A discussion of
the details of the nethod of determ~nia~ the locat~on of
transition and a description of the snail survey unit are
qi7ez in refarcnce 6.

.- -— —— ——. —--- .—-— ----- . .
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Po frse-3tream

PO free-stream
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a an%lo of attack referred to center l.tne of stroe.mlino
body, de~r~o~

-----------... .-.. ... . .... . . -

CD external-draq coefficient
1?

(Measured ~rsg of zmdel)-(drag of wing alcne)-{drag due to internal flow).——-— -—— -—
qor

cDFi calculated draq coi3fficient duo to Internal air flow

u Veloclty Just outside the boundary larer

u velocity in the boundary layer

~t. ro9e-pr9filo or~inato moacured fror. tho inlet-oFeninq
rarlius

23SITLZS

The methofl of computinq the veiocity, the Kach aumber,
and the Reyno13s nwnber in the El-foot hi%h-speed tumel is
desc~-ibed in refereace 7.

The draq dnta a~e presented in terms of the external-
dra% coefficient %= plGtted as .mfunction of the inter-

nal-flow q~ntity coeffic:.ent PQ/Po FT. .Yhe extern&l-

drag coefficient represent the esfective external draq of
the body in the presence of the .minq; the draq due to the
internal flow was deducted from the ~easured ef~ective
body &raq in all the tests.

—— -—
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The drag &ue to the internal flow arises from the
change in the momentum of the flow in the &rag dtrecti on.
From the momentum theory,

I!raq force = mass fiGW X (Vi - Vm)

and in the sar,e direction as the air stroaz,
.

vi = 7, ard Vm = O

and

or

wero
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cDFi {combination) = CD~i (inlet) + ODF1 (outlet)

It ~iil to obso:vad from these equations that the
large intnrnal draq i~ t-ne inlet tests a~d the thrust in
the outlet tests ar2 le.1:.uced in the com-oiLation tests,
~o that onl:~ a rolati-;el~ cmail internal ~raq due to total-
pre~svre iosso~ i~ t“n(+duct occ-ms.

the ~aramntirr --~:~ am~r~ximately ~q~l~l to t~~c ratio of tk.Q

m.can Vclocitmv 51h20vqh thg ~:a~irrg.msection to the stroar,
velocity. If, p-s has been propo~cd, the naximum sect?on
F vere occuFie?l ly ~ radial enq?.ne, t~.en n deficite 7alue
of v# %.sed oc the know-z air roquirenonts of the on-

%i.ne can be connuted for the design speed of the airplane.
The characteristics of the various oper.inqs tested are
shown for values of pq/per? ranqinq from O to consider-

ably bopond the values req~lred for moi!era radial en~ines
at present-ti~ hi%k speeds.

The pre~sure-distribution resv.lts obtained in the
tests of the in~i7idual inlet and outlet openin%s are pre-
sented for a number o: values of the ratio of m9ar. veloc-
ity in ths openinq to strt3am velocity V/V. This parameter
determines the local an~le of attc.ck at tho inlet COs@ lip
and. henco qovorns the Pressure distribution over a qiven
nose 9hape.

Tho char~.cteristics of the stroazlino body are shown

. ..— . . . . .
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The effect of,malr inflow (nose B) on. the boundary-
layer veloc#ty profiles at. two statioms on the body is
shown in fiqure 17.

In fi%ure 16 the changes in pressure distribution ray
sultlnq from modt.ficationeof the lip shape of nose Inlet
B-4 (one Qf the intermediate shapes tested In developin%
nose B) are qiven~ The forcewtest results obtained with
these modifloat~ons showed that shames (a) and (~) caused
very slight increases in ~~ternal drag; the cut-out, (c),
had no effect on the draq. Major changes in the Internal
duet emploved with nose C (fig. 19) had no measurable ef-
fects on either the external pressure distribution or the
external drag.

Optimum nbse slianes for arbitrary Inlet-duct sizes.-—.
In order to make possible the derivation ~~p%imun nose
profiles for tnlet-openinq sizes other than those investl-
~ated, the three nose proffles tested were reduced to the
same length (measured from the L/4 station of the stream-
line body) and the same depth. The ordinates ”thus obtained
are %iven in table II and plotted in fl%ure 20. The marked
similarity of tho profilee plotted in this way suq%ested
that optimum nose shapes for Intermediate inlet-openinq
sizes on the streamline ho&v could be obtained either by
Interpolation or %y t~e use of the mean of the three pro--
files of fiqure 20. Tho optimum nose len%th as h function ‘: ““
of the lnlot-o~ening diameter is %Iven In fi%uro 21. Tho
actual noso-~r~file -ordinates for
are related to the nondimasional
and table II, as follows;

a qlven I.nlot diameter
ordinates of fiquro 20 .

or

x’=(:) (:-’)-
where Z is obtained from figure 21.

Similarly,

“=& (7L/4-3 ‘“ “

where 7L/4 is the ordinate of the streamline body at the

.— -—.-— -. ..-— —
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quarter-length 6tatlon, If desired, the nose ordinatee re-
ferred to the end ana oenter line of the Streamline ‘oody
(as in table I) may be obtained from the relatione :

or

.-
..

~ (x)(~
L= )0.2!5 - : +.*

..
and

The resultg obtained In the tests of the outlet open-
ings with air supplied by the blower are shown in fl%ures
22 to 26, l’iqures 22 and 23 show the preesure and foroe-
test results:for outlets at the tail. Transition measure-
ments with the largest tail outlet showed that transition
ocourred at the same. station as on the streamline bod~
~fig. 10). !lhe preseuro distribution obtained with the

- two annular outlets is shown in fi.%ure 24. I’orce-test “re-
sults for the 63-percent arnul~r outlet are qiven in fi%-
ure 25. Transition measurement with the 21-pf)rcent annu-
lar outlet showed that tranni.tion occurred at the outlet
for all rates of flow, Thp 63-percent annular- outlet was.
about 0.14 L behind the most rearward position of the tran-
sltiom point but appeared to have a sliqht influence OB
the transition location, displactnq it somewhat toward the
tail as the flow rate was increase?i..

R’i%urb 26 shows a ske$ch of the probable outlet flow
oond!tions with tail outlet D and with a suq%ested im-
proved form of tail outlet.

Before the results of the inlet-outlet oombinatlon
tests are presented, figure 27 is qiven in order to S50W

,the relatively small internal drag occvrrin% in the combi-
nation tests, At hiqh flow” nates, w~ere nc internal re-
sistance plate was required, this internal drag approached
zero while in the individual openinq tests the internal
draq was several times the extbrnal draq of the body,. The
external drag determination~ in the combination tests were
consequently more reliable than in the tests of the sinqle
openings, . .

..-

..
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Fiqures 28 to 32 show the drag results o’btalned for
the-combinations Of inlets.with three tail outlets. X’iq-

“ uro 33.con’paree the drag of the 63-peroent annular outlet
with that of tail outlet O when teeted in combination with
noee P.

The preseure-distribution results obtained with the
combinations ar”e not shown because no consistent measur-
able interference effect~ occurred; that is, the outlete
had GO appreciable effects on the pressures at the inlete
and vice ver~a. s~~~ilarly, the traneit50n locations on
the conbtnetionai weze the sane as in the teste of the in-
let openinqs alon~.

?2ECISIOE

l’he accuracy of the ‘~od;r-draq deteruinatiofis was some-
what impaired by the b.i%h draq of the tving with”fixed tran-

‘ sition relative to the bodF”draq, the effective body dra%
varylnq from about 0.5 to 0.3 of t-he win% draq= In the
testn of the individual openin~s, a3.ditional sourcss of er-

ror were the leaka.~e of air in the ex~sdnal ducts and pos-

.—-— —— - —— —- -—— —— — .—
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sible chr.nqes In the” tunnel-p resoure qr~dient due to the
removal or the addition cf air to the tunnel stream. The
rorults obtatned with the iaict-outlet combinations, how-
ovor, are believed free of these two sources of Inaccuracy
because no a:r wn~ adite?.or removed ~rom tho tunnel and no
leekaqo was likely dus to the a%sence of all external duct-
inq. A.buo;’ar.cy correction of about 10 percent of tho ef-
fectivo bo@ draq was applied to all of the force-test
rof3ultso

Vhe wa%e measvrem.onts are mcne neo.rly free of these
sources of error that ~.?feet the forc9 tests. Evaluation
of the ponsible ma~nitude of the Lr%%-test errors mill be
made ic tho discuceio~ of thr remits,

lJISCUSSIOE

Streamline 2ody

Pro~eure dlstri%utiom and traa~ltion.- The presence——.-——____ —-——=-...-..-——- -----.-—.—
of the w:nq ‘had a pronour.ced effect on the pressure dis-
tri-~utiou over the ‘~odY (fig. 8]. The local velocities
over the central portion were increaced and tho pQ~.k-
prossuro point was moved forward. At 10T Reynolds numbers
the disturbances due to the winq conl,rolle? the location
of transition on the %ody. (S~e s!cotch accomna~yinq fi$.
10.) There was a rapid forward movemopt of t~e transition
point with Reynolds number
EeYCOl&s number

so that at the hl~hest testtransitionoccurred coasidera%ly ahead
of the ieadlnq ea~e of t~~e .,rinq (f~q. 10). If ~ s~~~lar

——— I
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forwara movement of transition with Reynolds number should
occur under flight conditions, the extent of laminar flow

.. . . obta’i’ria%le’at full-qoale Reynolds number would be sliqht.

Oritiqal snee~.- The variation with the I!ach.num%or”—..
of the peak-pi-essure ooof’ficient on top of tho body (fiqo -
g) was found to aqree well with thn theoretical variation
(ohtain@d from re:erenee 8), Extrapolations of the low-
spoed, peak-ueqativo pre~sure coefficients to the critical
pressure coo~ficient (at which the speed of sound Is at-
tained locall~) wege made accordi~q to the theory. The
orltical Mach num-o~r o? the streamline body alono was thus
found to be 0.84 (ii%. 9), mh~ch corresponds to 600 miles
per houv at 20,009 feet (-12° I’) in standard air. The
critical. spe~d of a mi~i~-%ody com%ir.ation is considerm%ly
10SS thtL~.that Of eit?l~~ oomponent, owtnq to the increase
in Pea’:-neqntlve ynecsuvec on the win% due to the presence
02 the ‘~ody. (SGe roforence 8.)

I:ose-Inlet Cpeninqs

Pre~sure diqtpibution.- The nose-inlet shapes employed—— —. —
In this investi%at~on were dcvelo~]ed in a series of teste
in which tho nose ghape nnd tho lonqth for a qivon inlet
size more proqressivol~ nodifiod to obtal.n the nest satis-
factory draq and ~>rcssllro-distribution characteristics. It

—— — . ..—
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tion of extonsi~e low-drag laminar boundary la~ers. This
ph6t!omenon did riot oc-cur mi+h nose A because, as provi-
OUSIY diSCUf3f30a,the unfavorable prossuro distribution
near the nose precluded the possibility of apprecinhle
lamimar flow. It will be noticed, however, that the drag
of ncse A showed a general decrease with Increasin% flOw
coefficient as did the drags of noses B and C r.fter the
laminar bound,nry layers had been formed. Similar decreas-
es occurred with transition tixed (fiq. 15).

In order to shad come liflht on the cause of the de-
crease in draq with increasing air-inlet velocity, partial
bo-indary-layer veloclty profiles were men~ured at two stn.-
tionq, 0~15L and 0,35L, bchinJ. nose I!with fixed transi-
tio~ for a wide ran%c of Inlat-flow rntios, The results
(fig. 17) sho”i~eda docraase in tha thickness of the turbu-
lent bouudarT layer as the rate of r.ir-lalet velocity was
increased in syite of sliqht aoGrgascs in the velocity
outside of thm boundary le.yer. Two concl~sions mx~ be
dram fr~m this renult:

(1) The 3.OSSQG ov~r the 5orwnrd ~a?t of the nose
nro decneased ss nir inlet is Increased.

3’rom tho Pra% rocults (fiq. 15), it is cvidont tk.at
tho decrecse i~ losGes at t30 ncso moro than oomp~nsates
foi” the m2~qht increnses in skin frictiom ~ehind tho nose
becauso an ovor-all d.ocrease in external drag Rith air in-
let Occu=s.

In roqard to tho maqnitudo of tho external draq with
air inl~t, fi%uro 14 shows that th’~ oxtornal dra% wtth
noaos B nnd C was roiluced to lCGS thnn the.t of the otrean-
line bo&~. For tho flxod transition condition, the dra% of
these noses was approximatel~ tho se.me a~ for the stroam-
llnc body. With nose A In both CQSOS, tho drag wns consid-
erably hiqh~r, Tests of tho three nosos in combination
with tail outlot C (fi~. P2) sh~WOd mhout tho eamg rela-
tive draq charcctertsticc as tho tests of tho singlo opon-
in~sa The fact that tho oxtornal draq with tho openin~s
docrensod to that of tho stroanline ‘oody may bO accmznted
for by tho fact that tho ~otted. area rith the oponin%s is
somewhat loss thn.n for tho streamline body. In addition,
tho passage of nir throu~h tho intornml s~stom has an ef-

—— ..—
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feet on the oxtornql flow sinilar to a docroasf3 in the ef-
fective thicknose of the body. .

—. .—
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- lert +at&~Qg ont~mum no
.&gJlet-oDfwiIlg Y

am i !?LZ!2XA43!MIZ9X?Z.
aigea .(f%%s. 20~nd 21. .- The .mathm& de-

scribed under RIWULTS fo~ht~~nq su~table nose-inlet
duapes four Inlet sizes other than those” tested, is obvi-
ously strictly applicable only to openings on the modified
111 body form. It is possible, howavor, that” the .ehapos
obtained. by this method could be applied with qood results
where only the bash forebody profile was s~m~lar to the
111 body form. In such cases the value of X and r, .
used in obt~inlng the act~l nose ordinates would be some-
what arbitrary, and care must be exercised to avoid
“stretchinqn the profiles beyond approximate qeometric
similarity to openinqs of corresponding size on the 111
body. Of’ c“ourse, wherever possible, it would. be “prefer-

““able *“o use %hc$ nose B .or C profiles direotly from the or-
dinates of table 1, with the npecified yrofile :for .at least

““one-quarter of the fuselage lenqth bei.nq maintained, :

“ Internal-duct shrine n~r inlet openinq.- The modifi-.-—--- .——_ . _____ ___
- cations of fiquro.-lg consiste& of a conical expansion with
““a 1.6P inclu~ed anqle,. a larqe irregular expansio”m f~rmed
by the “cut-out for the Inner cowl, and a qradual (4 “equiti
alent cone) annular axpans~on o%tatned with the inner cowls
Hone of these chan~e~ had a measurable effect an either
the extern”al draq or the yr~ssure distribution. ‘Modifica-
tion (c) of figure 18 likewise had no effects. Modifica-
tions (a) and (b) of fiqure 18, howover,. caused” sliqht
dra% Increasee and disturbed tho external pressures at the
noso, These latter modifications ~.~e equlva,lent to ,infe-
rior noso tihapes cOrrespondin~ to smaller inlet sizes than
the basic nose B inlet. It mill be observed that the
“internal-duct shapoe’ included both satisfactory and very
inefficient desl~ns “and that meither had any external ef-
fects, provided the sigo of the inleti was not altersd,

.The daslrable ”characterlstics of noses B and O prob-
ablY could not be”realizad if a propeller were located in

““front of t“he openinq because the presence “of the “hub or
., spinner would alter the pressure distribution ove”r the noses-

Location of a tractor propeller some diptazice behind the “
inlet opening appears to offer some poasibillties althouqh “
the laminar “flow gains would be limited.

.“
“ Angle of’ attac~..- Yhe”effect of increase in angle of

attack from 0° to 3.50 on the pressure distribution over
the top of nose B can be seen in fiqure 35, A considera-
bly higher ai.r-inlet-velocitp ratio is” required.to reduce
tho pressure peak at 3.5-, angle of attack than at O“ anqle
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of attack. la flight, thq. lnle$-velocity rat$o would au-
tdm+tically increase wl’t~ anqle-of-attack increases owing
to docdeaees ie the flight epa.ed, If the onqlne pawer were
asstied constant. l’orce=test data obtained with fixed
transition on a fuselage model employinq nose C (to be
published) showed that the’ exterqal drag; at an lnlet-
velocity ratio of 0.56, was practically constant over the
ari%le-of-qttack rahqe of 0° to 3.5°. No aata are avail-
able on the characteristics of the noses at hi~her angles
of. attack.

.Outlet Openin*;s

The outlet o?eninqs tested were not optimum shapes
arrived at by a series ’of teaks, as were the inlet open-
ings. As previously stated, they merely re~reseqted typ-
ical praot~cp ih the “desi’qnand the “construction of out-
lets. It became apparent. durinq the course of the tests
that the openinqs ha~ several undesirable characteristics,
hut it w~s not feaai.ble”at the time to extend the inves-
ti~atlon ta include modifications. Further research em-
bracln~ the improvements t“hat Suqqested themselves In the
course of this lnvestt~at”iqn la desira%le.

“ ~ressu%e dis~ributionk- The. effect on” the pressure.—.
distribution of air flow from the outlets was qenerally
unfavorable. In the case OR the annular outlets (.fiq. 24)
a neqatlve-pre~sure peak occurred at the hiqher flow rates~
owing to an effective thickening of the body due to the
Ylow of exhaust cir” in the rear of the openin%s. In -some
cases’ the peak was sufficiently high to fix”the critica,l
speed” of the body. “ The preosure disturbance at the.2l-
percent outlet precipitated ~oundary-laver transition a$
all outlet velociti.as.

The stn,tic pressure at the tail outlsits (fLq. 22) be-
came more pohitive a“s the flow was increased. This effect
was due to the fact thnt the streamlines of both”the in-

“ ternal and the external flows were conver%inq at the open-. .
ln~, resulting in consldtir.~ble contraction of the f.lo~ in
the re= of the outlet. Thus ,
ta.1 pressure .(measured from

about” oae-third of the to-

i=
Po) at tho tail outlets was

tha form of static pressure which, of course, increased
as the flbw ratip WES ndvaqced. ~hp static preRsure in .
tha tn$ornal flow at thb outlet “fionded tc bo con~iderably
r.ore posltivq th,mz that of t3.e oxtcjrnal flow near the tail
Outlbto The h~qh outlet pressures mro beltcved to have
ccusod local sepnratlon of the external flow near the tail
outlets.

..—.
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External d~~~~- The external drag with the 63-~oroent-- .-
annuZar outlet (fiq, 25) at fl.rs.tdecreased as the flow
rate wag advanced be~aus~ of the elimination of the. dead
air in the wake of the .oyeni.n~, and then it increased
rapidly, proba-oly becauge of the increasing skin friction
over the part of the hod? in the wake of the outlet,

~utlot-omor.’n-~dc~igq. - Tho outlet vaioci.ty is not— .—— —-—. --- .._-
erbitl’rr~ CH is T-cc tl.let velocit.v ‘~1~.tis fixsd b~ the
intar~nl total -~:~ess-~re losres ar.d the pressure drop across
the s~-stem, 2’rcn the sta~dpoiut of the internal dra%, It
iS dOsira’ble to lav9 the ov.tlet total prensure as nearly
equa 1 to the ?rec-strnam t~tal pressure an possible so
that a miulz.um aL.ount of ec(~r~y rill be loft iu the wake,
In me7’1-deniqneP. eystong, ike Internchl. totcl-pressure
lossoc aro onl~r a fe:r porcect 0? the freo-~tr3am. total
pressure.at hiqh spao~s. U~der those conditions, the ideal
outlet total pre~sur~ is a.~proached ctnd the internal draq
is small, The ~nlaticn betWeen i~te=nal total-pressu~e .
loss and tha iutorna,l draq was chcwn under R.ES?JLTS. The
outlet velccity at a +i.ven fliqit s~ecd is reaLily ciRlcu--
lable from astiys,tse Of t:ln total-p~e~sure 10SSCS anfi the
pressure dilop across the syctem. A contraction or an cri-
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fioe coefficient (@peni3.e~t on the outlet shape) should be
applied tc the velocity as conputefi from tho pressure chcr-
mcteristicst With the tail outlets tostnd, :or oxauplc,
tho veiocity nt tho outlet WaQ about 0.8 of tho final VCI-
locitr; Yor tho anzulnr outlets, tlie coefficient we.s rou~h-
ly G.9. ~av~a~ thus o%t~.ined the vel~city at the outlot,
tho sizo cf &he opening will depen~ on the reauired quan-
tity of r.ir flow.
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In re.~ard.to the relative merits of the annular an~
the tail outlete for efficient Intennal systems, It is
probable that the optim~ tail outlet mill be super$or to
the-best possible annular outlet because the hiq4*velocit~
flow fr~an the annular ~peninqs will qenerally Increase the
skin frletion of the portion of the bo~ tn the wake of
the outlet.

Inlet-Outle% Combinations

. .

The combination tests (figs. 28 and 34) are of prin-
cipal interest in s~owinq that the external drag of the
body with eui.table fnlet and outlet openin<e of praotioa-
ble slge Was no hiqhgr than that of the baeic streamline
form. Thts result was obtained at rates of Internal air
flow sufficient for COOlla~ a radial enqine located at the
tiaxtmum fuselaqe section at moderate to hiqh-speed flight

.- conditions.

The variation of the rate of Internal flow in the
combination tests was accomplished by means of varYin%
the internal resistance. At the condition of maximum flow

. attainable with a qiven outlet eize, the internal loeses
wore very small and consequently the outlet conditions. .
closely approached the ideal, The outlet velocities over
approximately the hi~hgr Z5 Fercgnt of the flom ranqe cov-
ered rith each outlet correspond to probable hlqh-speed
fli%ht outlet conditions: at lower flow ratee the internal-

.. . resistance losse~ l~erg coneider~bly higher than nould be
encountered in present practice. The actual magnitude of
the internal drag throughout the flow range covered with
tail C is shown in flqure 27.

. The rise In dra-: at the hiqhor flojtirates has been
shown to be due to the unf~vonahle outlet conditions at
the hlqher outlet velocities (fi%. 32). It is believed
that by ~m~rovln~ t~~ outlet design as suqqosted in fiqure
26, tho rise in draq at the high outlot velocities would
be eliminated.

It wI1l be observed that the draq obtained for the
best combination with fixed transition was,. In %eneral,
slightly %reater than for the streamline body with transi-
tion fixed a’t the came station. The difference may be
entirely accounted for bv the higher draq of the Carborun-
dum strip Itself when located at the nose of the inlet
openin%s, than when located In the thicker boundary layer
on the streamline body. In addition, it ehould be remem-

— —. ---
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hered that the sta~d.ons:seleoted for flxinq the transition
on the .st@eamlinb body Are- ehtirely arbitrary. Under ac-
tual fll~ht conditions, transition. on the” strd.-llne bodp
might ogcur somewhat ahead of ths corresponding% station on
the. noses, owing to the qreater lenqth of the streamline
body. In.this. case, the drag of the etreamlAne would be “
relatively hiqher than in the present comparisons.

The ‘drag of.the islet open~n%s in the preeenoe of the
outlets, and vice versa, was ooneiderably less than it was
when tho”openinqs were tested individually. (See fiq. 34. )
A part pf thie effect, particularly at low rates of inter-
nal flow, may “be due to leakage In the individual tests,
as has .prevlouoly been pointed out. An”other contributing
factor of secondary tmportanoe m@ be the dyffeqenco in
the methods of restriotin~ the Internal flow: that is, the
resistnn:ce plates inserted near the inlet op.enin% in the
combination tests (flq. 2) may ham h~d somo mall tendency
to affect the external flow. In qeneral, however, it le.
reasonable to expact that the. openin~e, in combination,
would contribute less drag tkn when” tested ind~vidually,

i. .“
Comparison with NAC~ oQylinq,- The results of refer-.---— .

enqe 1 provide-a fair basis for comparison of the inlet-
outlet. cQmbinatiohs wit~ the NAOA cowlinq. In the inves-
-ti$ation cited the.best NACA cowlinq ~hape”of reference 2
was adapted in a typical fueelaqe In”stallation.to the NACA
111 fusel.a%e form. This-baoic etrenmline shape was almost
identical with the body employed in the present tests, and
the .effectlve body-dfiaq coefficients with natural and faxed
transitiqni 0.’240 and 9.055, ‘respectlyely, were practically
equal to the corresponding draq coefficients, 0.042 and
0.054, obtained in this investigation. The flow and the
boundary-layer .conditions ~n”the ‘basic “shapes. employed were
evidently quite similar. The” dra%s of the cowlin% with
fixed and qtitural transj.ti”on as qi+en in reference 1, with
.eoolin< alr flow,” were reduced a~out 5 percent to obtain
the external drag necessary to the “conpari.son”. The results,
taken at the same Mach aumbeg and at. ver~ nearly the same
Reynolds number ae in $he present tests,. are shown on each
of the” ft~ures qivinq the resu”lte of the, combination tests
(fifis. 28, 29:, and.”31) with the tnil outlets.

. . .,. . .. .
..

.Th.o conblnatlons tested were aero~vnamically euperior
to the MACA cowling;-. particularly in t~e “n”qtural transi-
tion condition ,.where:.the inlets B and C permit extensive
laninar flow. ....

—— —.
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Tho NACA cowling shape employed in the tests of ref-
erouce 1 was developed (refer.enoe 2). to have the highest

# critical speed, Mcr = 0.63. of eight typical cowllnq

shapes of the same over-all M.men”sions. The critical
spr)ed of the ‘body alone- with the larqest of the present
inlets, nose A, was” Mcr = 0.64 at a practical rate of

alr inlet (fig. 13). with the smaller inlets the critical
speed was advanced to ~cr =“0.84, the critical speed of

the basic 111 .fuseln.qe shape.

CONCLUSICHS

1. Codification of a streamllae body permitting air
Inlet at the rose and outlet at the tail call be accsm-
plislh6d rithout increasi.i~~ the external drag. Thus the
total dr~qmcout Of s.~o..Tor-?lact installation in such a
bocty should be calculable from con~ideration of the inter-
nal cyqtem.

3. Further reseo,reh is necessary to detcrmino in de-
tail the optimum Outlet openinq shapes that have bgen suq-
qested by the remits of this investl%ation. It is pro-
posed that outlet openinqs should be desiqnad no that the
static pressure in the $aternal floW at the ou’;lsb is the
same as the static presgure in thg external flow in the
vicinity of the openinq,

4. The intcrnal=duct shape near an $.~.l~tof qi~en
size had no approciahle effect on the external ~ra% or .
pressure distrilmtion.

5. The location of a smooth-barrel gun in the nose-
inlet opening caused no appreciable i.ncroase in draq at
low angles of attack. The muzzle of the ~un should be
sli%htly roundod, and tho length of barrel extondin~ be-
yond the inlet should bo nG sm.11 as possible .

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lan%ley Field, Va.
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TABLE I

Or&inates of Streamline 30aY nnd Nose Inlets

r

F’-———..— — L

k
~*.

1~
r ‘-’ ..— ---
f!–-r-” -- - ‘“—

- —— —

—.. y

I
-— —--”~~~

—x-
— —..-. e. --— — ———

-4

.—— ——-. —-. ---- ——-. -. —--. ——. ,--- -— —- —- ———. ---—-----

Strenu Zi.lg ~oil;’
-—- —- —.-— .-— -..—-- ------ -— ..-- ---...—.—-..— .—.--— ----——————

X/> 1 -in*11

1

x/L

I
y/R

I-—- ——— ..——— ---—-.--—----_—------.----— ..---—- .--—------.----— ———-

0 ; J
~ 0.:-9!)0 3.?85

.~l~5 I ,l~g .:5’30 05~
● -

.O:.5G ! .2G7 .GQO’I .C98

.0500 .4.:)1
~

.t593 .E29
.~~~~ .E3G ~7c@’3 .724
,1000

I
.620 I ● 7500 .612

.1500 .742 “ .Poo(l .491

.2CO0 I . .825 .8500 .371

.2500 I .8S8 “ ,~~o~ .249
,3000 .248

i
,9500

L
.124

.35C0 .982

J

.9750 .0624
.40C0 l,l)flo 1.0000 0
.4500 1.OCO

-————.———.—. —-—-.———--.--—— ——--——
D/’L = ().20

1 ..- .-. — .
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..-. . .. .-TABLE I (Continued)

—--——.—.

Nose A

x/L 1/ y R

.1238 I 0.550
,1244
.1250
.1258
.1265
~1272
.1286
.13G0
~L32?
.1358
.1794
.1465

.568
,578
,587
.595
.602
.C14
.626
.640
.661
.680
.7G8

—-— —- —._. ._

r/R = 0.2143

.—. ——. .——-— ——

NoEIe B
.- —----

x/L
——. --—

0;0654
.0657
,0660
.0554
~0668
.0674
.C)682
.0696
.(J7’24.
.07s5
.0S68
.39?3
,i~6~

.1224

.1?68

.1654
,:979
.20CI
.2.721
.2:00

—— -———. -—.

y/’R
————. .

0.396
.408
.416
,420
.425
,432
.439

J5~
● -
.4-72
.L15
.559
.~no
.6Z0
.57 0
.796
.?68
.G17
.8Z7
.875

Nose C
-—-—

x/L
I

-— .—-— .

0.0536
.0540
,0543
.0546
.35.5~

.0557

.0564

.0578

.f)593

.0507
,0645
.1]~78
.(3’750
.9022
●:3964
.ll@7
,1353
.lG7e
,1.966

——

y/R
—-———

0.286
.297

● 304
.310
.317
.326
.334
.349 ~
.s61~
.375’
.404
.429
.-:.77’
.!ilo
A 74
. 626
..707”
. 7“?0
.321.

&/D = .37125 I (I;D = ;26 8U-
1

. .

..
*.. .

. . .
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(See f~?. 20)

Grdinates for I)erivinq Optimum Nose Shapes for
Inlet Duct Sizes Other than Those Teeted

=1/x

o

.G05

,019

.020

● 030

.050-

.C75

.100

~15a

.200

,300

.400

.!500

,600

~800

1.000

-. — .-—— - .-.——

-—-—

d/D = 0.536

——- —.

o.~~g

.C91

.119

.160

.192

.:47

.30!3

.S52

*475

.501

.603

.679

,740

.79a

,~oz

1.000

———- -——

i
d/’D = 0.379 d/D = 0.268

0.nS6

~(-)?:

●101

.1% ‘;

.163

.211

~59
● .-

● 3n4

.7.s2

.448

.555

,644

● 721

.7a8

?8S9

1.000

i
,069

.oa9

.12s

.152

.20:

,~~a

.s39

.392

.462

.574

,654

.740

.804

,910

1.000

—..—

--— —.

Mean

0,0!34

.080

.103

.lqg

.169

.221

.273

.321

.-103

.470

.577

.562

.734

,797

,904

1.000

—— ...—. —.— -
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TABLE 111

Increase in Draq with Gun in Nose-Inlet O~eninq

—>

‘ i-fi~
---+

------
d.—. — - .- —— - —— . .——-. . ~

- - ..
7--

/~
T .-y— —---------

nose 3
(n:atural transition)

————

~o

.———

c)
c1
0
c)

()
1,5
1.5
1,5
3*5
:~*~

505
3.5
3.5

——_

I
————

0
0
0
185
105
105
3rn5
3.5
3.5
-——__

.50-cali3er nachine qun
.————-——— ——..___——--_— ————————-.—— -——.— --————___

I/d v/v Increase in :uselaqe dra.::
due to wn, percent

.———____ .__.-——..-----..-—-,_-.--———.-—.....----.— .------.--—— -——.-—————-

1.13 f)’ 12.$3

1.13 .25 12.5
1.13 .50 10.6
,57 0 9b6

o 0 2,6
1013 0 21.5
103.3 .25 1681
1813 .50 10.2
1,13 0 3G.6
1.13 .’25 20.4
1.13 .50 7,2
.57

1

0 lg*~
o 0 4.8

,——_-——__ __ _____ ——— -—-- ———— —-— -———--.-—————————-——

37-millimeter cannon (smooth ‘oarrel)
———- ——________ ______ ________ .-———--— ——— — .-—.-——— .-__—.

I/d

~1

Increase in fuaela%e dram;
v/v

iue io gun, percent
——— —— ____ _________ __ .:____________________.—— —-.._._._—.—

1,13 9’
1.13

6.7
.25 4.3

1.13 ●5O 9
1913 0’ 11.5
1 .1.3 +5 9.0
1?13 .50 0
1,13

1

c1 19.2
1*13 .25 rjml

1.13 .50 0
—-----.——.-—— ———.-————__ ——__________ .-———-.—_-—_— —_ ——-

1
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figure J.- Streamline body wiih genera I arrangement of inla t end outlet openin~s.
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Figure 2. - Model installed in a-foot high-speed wind tunnel. Nose B.
y.
m
“m.
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Figure 3. - Nose inlet openings compared with streamline nose.

Figure 4. Typical tail outlet opening.
Tail C.



Figure 5.- Radial outlet opening at x = 0.63L.
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speed wind tunnel..
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NACA Fig8.8,26.
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‘igure 8.- Measured static-pressure distribution shout streamline body mounted on NACA
airfoil compared with theoretical distribution on wing alone and body a

M, 0.18; R, 7.6 X 106.

27-212
lone.

P{ou}let) = 0.4

v/V(ouf/et)=O.8

Figure 26.-

P=o

v/v=/.o

Sketch of flow conditions (no internal losses) for a tail outlet opening simi-
lar to those tested and for a eu~ested improved type.
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NACA Figs.14,15.
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NACA Figm.16,24.

Fiwe 16. - Typical otatic -
pre.mure dis-

tribution diagram for none
inlet openings B and C at
low rates of air inlet.
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Figure 24a and b.- The
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with annular outlet open-
ings.

24b.- Openingat
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IIACA Figs.32,33,34.
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NACA Fig.35.

Nose 6
-..

I

Q!

~’
..
:
L
Q)
o
u

g
w
Q
g

x/L

Figure 35. - The effect of the presence of a .50-caliber machine gun model in
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